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ABSTRACT AND TRANSLATOR'S COMMENTS

The present paper 1s a concise account of the final results
of radar observations of Venus conducted in April 1961 by the Institute
of Radio Engineering and Electronics of the USSR Academy of Sciences.

There have been severs. preliiiinary papers on this research, in-
cluding newspaper columns (see references). The principal author, V. A.
Kotel'nikov, made a personal de’ivery of a longer paper during the XITth
International Astronautical Congress, held in Washington in October 1961.
At that time a preprint was relezsed, and copies - circulated at NASA,
This paper has been reproduced anew and attached herewith. It must be
pointed out though, that preliminary data includ
the astronomical unit, upon which th preliminary papers were based.
The ambiguity was discovered by way of comparing the earlier published
data on the astronomical unit determined by different methods, - the

Doppler shift of the narrow-band component and the delays of the reflec-~

ted signals. Analysis by means of narrow band was not originally made.
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In this experiment the radar transmitter operated at a frequency
of ~, 700 mc/s. Power density was 250 mw/sterad, which ylelded 15 w on
the planet'!s surface. The polarization of the transmitted waves was cir-
cular, and that of the receiving antermn:i — linear. The transmitted signals
were rectangular pulses of 128 or 6, msec and were separated by intervals
of the same duration. (details concerning the instrumentation are given in
the prinicpal author's paper, presented below).

Analysis of the reflected spectrum showed that the signals could be
represented as the sum of narrw-band and wide-band components. The width
of the formgr was determined mainly by amplitude modulation and did not
exceed several c.p.S., while that of the latter amounted to several hundred
c.p.s. The astronomical unit was found to be 1L9, 598, 000 km with an RMS
error of 3300 km, using the Doppl:r shift method, and 1L9, 599, 300 km with
" an RMS error of 570 km by “he method of reflected signals' delays.

The rotation period of Verus cxceeds one hundred 2l4-hour periods, -

The congiderations relative +~ the value of the astronomical unit

are illustrated in the Figure velow ( ig.l; of the original Russian text)
A R ArM

A [ Yne.s "7, - Bme.s EA,,,“\
o
19605000 °® o
o° _ [ ; S o g
- T - - —_emT T T
4}.»/}/700:&: _°° . ° °°°o° - T_l,____?__ _o?n_,u_,_?,__a §
. . © -
g N QUG SN P
.’.‘_3_%‘.’339@’7 - "° “““ TTe T T T Loy TP T T 8055 < 9%
4&,;3.3001 . ° . ,: ...OLV__’ -— ._.v_..v._°._°..o.._°._.
IYN000 ~ I T T 5 T T Tue ° %o
© -]
o
[}
o
r—v-— pr——)
114 74 200 21y 2317 26l 28Iy  26iF 19672

Fig.Li. Values of the astronomical unit obtained by signal delay according
to separate S5-minute sessions.
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Because of the periodicity of the utilized signal, its time lag and the
astronomical unit were obtained ambiguously. Thus, the astronomical unit

was 149, 599, 300 X In, where n is a whole number and I 1s equal to
120,000 to 130,00 km for pulses with a period of 256 msec, depending

upon the 1ay of observation. As stuied, the ambiguousness was uncovered

by two methods: by collation with the wvalue of the astronomical unit,
obtained by spectrum Doppler shift, and by the constancy of the obtained
value at different days. Had the ambiguousness been discovered incorrectly,
the value of the astronomical unit between 18 Aprill961 and 26 Apr. 1961
would have varied by the quantity ~ 11,000 km or more, hich was not the

case, as may be seen from Fig.l.

/'There is no doubt that the presence of the narrow-band component
is due to reflections of the transmitted signals from the surface of
Venus, while the.wideband component, which has not been detected by other
researchers, 13 presumably caused by rcflections from formations in the
vicinity of Vermus/. The parameters of the narrow-band component obtained

by us, agree well with those observed in 1961 by other authors‘[s - S].

&he author considers that it is most probable that the wideband
component originates either from Venus surface reflection, or from ref-
lection of some formations in its vieinity. Two possible variants are

condidered:

A. The wideband component is Tormed as a result of signal reflection
from the whole surface of Venus and the Doppler shift caused by its rota-

tion, The narrow band component is caused by reflectioan of the closest
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parcel of Venus' surface relative %: us (brillant point).

Inasmuch as the widening of ti2 spectrum lines is the narrow-band
component at least 100 times less than in the wildeband, it must be assumed
that the dimensions of the "brillant point" are less than one hndredth of
Venus'! diameter. This may be, provided the surface of Venus is substantial-

ly smoother than that of the Moon.

In the given assumption, and for blurring of the lines at' 200 me/s
the p:riod of Venus rotation must be near 10 days, provided its axis of
rotation is directed perpendicularly toward the Earth and reflects all its
surface. If 1t is directed at 60° "6}, the period is shortened to 9 days.
But if not all the spectrum was registered, and it is in realtiy wider than

100 mes, the rotation period must be still smaller.
B. The reflecting properties of Venus are about the same as those

of the Moon. Then, similarly to the Moon, the narrow-band component of the
reflected signal must correspond to the reflection from a point with one
 tenth of Venus!' raaius. Taking Into account in this case, that according
to our data this component is L mes, we obtain a rotation period of more
than 100 days.

At this variant the wideband component canfot be explained by
reflection from the surface of the planet, and it must be assuwed that
that 1t took place as a result of the reflection of some formations,
moving relative to Venus at velocities + 1,0 m/sec or even faster, possibly

for example, from strongly ionized fluxes, However, in this case the ioniza-

tion of these fluxes must be much greater than in the Earth's ionosphera,
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The latest data [7], point to that possibility.

Radlotechnical and Electronical Entered on 22 May 1962
Institute of the USSR Academy of Sciences

Prepared by ANDRE L. BRICHANT
for the

NATIONAL AERONAUTTICS AND SPACE ADMINISTRATION

10 October 1962,
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RADAR CONTACT WITH VENUS °)

by V. A, Kotel *nikov

Radar contact with Venus was made in the Soviet Unioa in hpril
1961, The purpose of this experiment was to dstermine more precisely the
Astronomical Unit, the major axis of the Earth'’s orbit, the rotation
period of Venus, as well as to obtain data on tho structure ot its surface.

In this experiment the transmitter frequency waé about 700 mo/z.

The power flux density was 250 megawatts per steradisn, which gave L5 wails
on the surfacs of Venus, The transmitied waves had a circular polariussziiox.
The receiving anteanas were linearly polarized,

The transmitted signal had the form of square pulses, 128 er 64 ma°?)
long, with intervals of the same duration., At times, in ploce of an inter-
vol, & pulso of the same duraticn was transmitted, but at another fraquency.

Corrections were introduced in the signal and in the modulation
frequencies ised in trensmission to account for the Doppler shift caused
by a change in the distance from th- Eirth to Venus, sand also by the rota-
tion of the Earth, The frequencies of the transmitter, its modulatioca and
the frequencies of the receives avvéroayne oscillators wers derived froan
a precision-type corystal oscillator ensuring a greater atabiliiy thaa gae
part in 107, '

The transmission was carriei out during the time for the signad
to travel from the Earti to Venus and dback again, say about 5 minuies,
During szhout the same an ey : pariod, iLe equipment was switched feor
recepticn.

t pimplified diagras of the triasmitter is shown in figure 1 mazt
page. Tiz2 following designations are used in this figure : MO 15 the
naster cscillator, DC is the Doppler shift frequency corrector, TI¥H ie
the fruciency multipliexr, T is the transmitter, D is the Irequsncy
divider whose oscillations-control the key K, modulating the sizuul,
The key K, 4s used tp start and stop the transmission, &nd works Iwoit
the timer P, which has a pr4cision to. 1 Es.

" *) Paper presented at the XIIth Interaational Astronautical Congess in
Washington D.C., on 5 October 1961.

*¢) wil1imecands



fJ.‘ . 2.

Ros

x
(=Y
) {
——— - S
~
~\
A
S x
~
>x
1:}:::1
- Ay
VLY
.
\

o
\ J
Lo
o
o
2000 : |
K P ! :
3

) ! it

—— I Vg |
pupugupiy . NS -
{17 B eremrm=zoomms - _J

Fig1t

The incoming signals were received dy a supsrheterodyn? receivexr
kaving & semiconductor parametric asplifior. A counting down preceass in
the received was mo arranged fhat, depending on the value of tha Astronoe
wlcal Unit, the reflectad siahalkehould produco a frequency of about
720 %0 750 c.pes, at the output of the receiver if Vonus dild not rotate,
This signal was recérded togeth r with the noise om a magnetic tape in a
520 =~ 1020 c.p.s, band, A sine.wave of 2000 ¢.p.s. was rocorded on the
ecme taps for checking and keeping the rate of the mognetic tape motioa
during reproduction. The recording of this sine-wave was sterted exsctly
at the instant at which according to cslculations, the five-minute series
of reflected signals were expected to arrive., This served to 1ndi¢a£e the
departuro of the actusl travel time of a signal to Venus snd back again,

The diagram of the receiving part of the system is also shown in

£igure 1. vhere the deaignations sre : R is the receiver., FC i& the fra-
quency coavertor giving heterodyne frequencies for the receiver and also
the 2000 o.p.s8, frequency for the magnetic tape recerder H,

To stop the transmission cycle and to start the reception, the
fcllowing technique is used z' the timer T, opcu' the koy tl_connocti;z;g
the antenna to the receiver by means of the koy KA' changes the catezua
polarigation and feeds the oscillations to the taps rocorder. AY the bogim-
nigg of the experiment the oscillations from the n&saotic'tape WErd anglye

zed by seans of ten filters, cach having a pass basd of 60 c.p.s., azd ali



together :overing the frequency range from 420 to 1020 c¢.p.s. Aa enscgy
difference AW was determined at the output of each filter : AW = P! = P
vhere W?! is the trotal energy of the oacillations at the output of thke
filter for time intervals hatchod once in figure 2 ¥ 4i¢ & similaey
energy for intervals hatched twice,

ey .
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In figure 2 the following disignations are used: t, is the
calculated time instant of the arrival of the trein of reflected signals,
i.a. the instant at which the recording of 2000 c.p.s. oscillations
begins., T is the signal modulation period = 256 or 128 s; T i= the
delay established at will § I is the instantaneous power of the cum of
reflected signals and noises § 2 is the actually arriving reflected sig-
nal 3 3 are the 2000 c.p.8. oscillations,

In the case when the delay T is such that the instant t, + T
corresponds to the actual instant of the trainm of roflected ni@qla'
arrival , such situation is preseated in figure 2 : the energy W' ieo
equal to the oenergy of the signal plue noise, and the energy W* is gqual
to the energy of the noise only. Iam this case the difference AW 1z al
the maxinum, and correspondas to the energy of the reflected signala.
Several samples with various € were tskem during the analysis. Ths modg-
lation phage of the transmitted signals caanged overy other Ncaptiog;
end the sigw of cnergy differonce AW chenged accordingly. This moalo ths
¢lixination of oyatomatic erroxs pPoscidble. »

A sysien baving a diagram showm in figure 3 next peage wes used
to ocmelyze eignals. Sigesls from the tape recovder M were fod to %oa



filters Fy4 Fu eesee Flo-resonant circuits « from the output of which
they were fed to the RC device. If the voltage amplitude at the output
of the filter exceeded a certain threshold, pulses applied from the divi-
der D passed through the RC device onto counters C' and C", If the
amplitude was less than this threshold, pulses did not pass through the
RC device. The number of pulses applied to the RC device was 1000 per
second., The number of pulses at the output of the RC device determined

the energy of the osc¢illations which passed through the filter.,
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The oscillctions with a frequency of 2000 c.p.s. recorded on
tape were selected by the filter F -« 2000 and got to the pulse counter
DC which by ccounting the prescribed number of periods corresponding to
the delay T ,closed the key K through which the oscillations of 2000 ¢ps
were applied to the divider D, This divider began to apply pulses to the
device RC and to the switch S which worked with a modulation pericd of
256 or 128 miltliseconds, This switch gave pulses in time intervals
hatched once (see figure 2) upon crunters C! }which stored the energy W@,
and in time intervals hatched twic.. upon counters C" which stored the
energy W". The difference of the readings of these counters gave the

value AW at the output of each filter,

oq

<%
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Figure &4 presents examples of the
results of such processing for April 18, 19
20 and 21, 19€1, The ratio of the power
of the reflected signal signal in the gi-
ven filter to the noise power of the 1 ¢/s
band is given along the ordinate, Dotted
lines indicate the values of the standard

deviat:.:n which characterizes tho accuracy
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of measurements,
On the basis of thess reeults 1t

is possible to estimate the maximum fre-
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Fig 4 rently caused by Yenus' rotation, and to-

calculate the velocities causing it.

These velocities turnad out te be approximately equal to ~ 40 m/sec.

If one asmumes that the whole surface of the planet was reflecting, and

that its axis was perpendicular to the direction of the radiation, then

this velocity corresponds to the rotation period of approximately 1l days.

If the rotation axis was 60° (this corresponds to Kuyper's data), this

period should be about 9 - 10 days, |

Having learned that tue spectrum of signals reflected from Venus,

quercy shift of reflected signala, appa-

as measured in the United States in 1961, was narrow, we carried out an
analysis of recorded osciila.ions by a set of ten narrow filters with
bandwidths of & c.p.s. '

In this case the block-diagram shown in figure 5 was used for the
analysis. It differs from the block-diagram of figure 3 by the following :
filters Fl coee Flo wore multisection filters and they bad a 4 c.p.s. band
each. The counters Cl.... clO were connecged directly to the RC device.
The oscillation appliad to filters was interrupted with a period of the
signal modulation by the key K up to filters. Thc 2 alterations werz made

wzile teking into account that ir the given case the ponstationsry process

¢



in filters Fl ceee Flo was of the same order as that of the modulation
period. The key K turned to be closed for time intervals hatched once
in figure 2 and was open at other times, Thus counters C recorded the
energy W', The same tape was played back for the second time, and the
delay T was increased by L o In this case the key K turned to be
closed for the time 1ntorvaala hatched twice, and the counters registered
the values V", Then the difference AW == W' - W' was taken,
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Fig. 5

If the time instant t, + T corresponded to the actual instant
of the arrival of the train of reflected signals, the key in the first
case would be closed during tLe time of the signal arrival, and W' wouid
represent the total emergy of the signal and of the noise. In the second
case the key would be closed during psuses, and the signal - not applied
to filters, Thus, W" was equal to the noise energy. The difference

W= W'— W" wich such a delay T was maximum, and was equal to the
energy of the signal, .- ' |



The results of this analysis are presnted in figure 6, where
values similar to those of the figure &4 are given along the abscissa
and the ordinate. As is evident from this figure, there is a narrow
spectral line near the center of the wide spectrum., In our experiments
its width was apparently mainly caused by the signal modulation whose
frequency for the given days was egual to 4 c,.p.s.
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Flgure 7 presents the values of the power only caused by the
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w1de part of the spectrum's band. These values are obtained by means of
the rejection filter®) which eliminated the part of the spectrum at the
input of the analyzer comprising the narrow component.

*) The rejection filter bhad the attenuation of 5 = 11 decobels in the
band of X 6 c.p.s.




Figure 8 }presents the total average power of the narrow and
wide spectra for a number of days. The values of the power of reflected
signals related to the noise power in the band of 1 c.p.s. are given
along the ordinate. Dots noted by B correspond to the wide component of
the spectrum, Dots designated by e corrcapond to the narrow component.
The length of vertical lines drawn through these dots is equal to two
standard deviations which took place in the given measurements, As is
evident from this figure, the power of the narrow spectrum varied for
some days rather little, but the power of the wide spectrum varied rather
strongly on certain days, and the total power of the wide spectrum exceeded
the power of the narrow spectrum.

The average reflectivity of & signal corresponding to the whole
visual surface of Venus narrow spectrum was equal to 8%.

Taking into accouﬁ%?%he width of the wide component of the spec-
trum is approximately by two orders greater than the width of the narrow
component, and that their power is of the same order, we shall obtain
that the spectral density in the wide component is about two orders of
magnitude less than in the narrow component.

The results obtained may for example be explained in the following
manner : The narrow component is caused by the reflection from the plane-
tary point closest to the Earth for which there 1s no Doppler shift, If
the planet were ideally flat, this component would be the only one to
exist, The wide componeﬁt‘is caused by scattered reflection from the whole
surface, whose points give diffe¢rsnt Doppler shifte due to rotation,

The magnitude of the Astronomical Unit on the basis of measure-
ments made may be obtained by two methods : Firstly, it can be obtained
from the Doppler shift of the narrow line and, secondly = from the delay
of the signal envelope,

Depending upon the assumed vajue of the Astronomical Unit, the
calculated value of the center of the spectral line is different, Fig, 6
gives these values, As 18 evidint from that figure, the Astronomical Unit
shéuld lie within the limits 149,590 -~ 149,610 thousand kilometers.
Here, account has been taken that the instrugontntion guaranteed the
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accuracy of the frequency within the limits of ¥l ¢c.p.s. By measuring
AW at different ¥ it is possible to determine the delay of the signal
envelope in the path Earth — Venus - Earth, and to determine from it

the walue of the Astronomical Unit., These values are given in fig. 9.
They have been obtained for separate receptions for April 18, 19, 20 and
21 from the signal concentrated in the narrow spectrum., The results for
three filters with the width of 4 c.p.s. were combined. The average value
of the Astronomical Unit obtained by thic method resulted equal to
149,599,500 km*) with the mean square error about 600 km determined
from.the data obtained in different measurements. Besides, a systematic
error should be added due to the fact that the delay of the signal in the
transmission and recéption channel was not taken into account with preci-
sion, The mean square value of this error may be taken equal to 0.7 mc/a
or in the Astronomigal Unit 1t.15 eqgual to 350 km, |
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The value of the delay of signals and therefore of the Astronomi~
czl Unit may be also influenced by our imprecise knowledge of Venus'®
radius, by the additional delay of the signal in the Earth's and Venus'
ionospheres and in interplanetary space due to the presence within them
of free electrons, by our impr. .. : knowledge about the location of the
seflecting elements on Venus. Redius of Venus was taken in our calculatiors
-5 oqual to 5.100 km., and this gives an additional error of ~300 km, if
72 ascsune the possible error in radius estimation as being ~100 km, *
The Earth's lonosphere gives an cdditional delay of less than 0,01l milli-
second at a frequency of 70 mc.p.8. The interplanetary space gives & delay

of 0,03 milliseconds, if we ausume that the election concentratiorn in it

) The speed of light was teked at 299792.5 km/sec.
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even equal to /000 el per cm?, gives a delay of 0.03 milliseconds. Thus

we ascume that the Venus ionosiyhere is approximately the same as that of
the Earth, the total additional delay being less than 0,06 ms which can
reduce the veluc of the Astronomicul Unit by lesc than 30 km. At last, the
narrow component of the spectrum is ap,roximately by two orders of magni-
tude narrower then the wide component. It followa therefrom that the radius
of the reflecting spot revponsible for the narrow component of the spectrum
should also atout two orders of maznitude lower than the Venus' radius, i. e.
it cannot considersbly exceed 100 km. If the surface is flat, the points

of such a spot will be at a cistance to the North whose difference should
not exceed 1 km, which may eﬁtail an error of 3 km in Astronomical Unit's
value. The existence of mountains on Venus apparently might also influence
insignificantly the value of the Astronomical 'nit. Thus, the tot:1 mean-

square error in the Astrononiczl Unit may be estimated by the value

V6002 + 3502 + 3002 == 750 kn.

lHere the error of ephemeris should be added, This error is estimated at
220 kms. Then, the mesn square error determining the Astronomical Unit
will be

V 750" + 2202 = 800 .

The delay of the signal determined by the method used in the present

work is not unique : it can be greater or lover by the signal period multi-
pliecd by an interval wit
of the Astronomical Unit of about 149,409,500, 149,599,500 and
149,729,500 km, Because onle one of these values is not in contradiction
with figure 6, it. is chosen as adequate, This value is 149,599,500 km,

Fig, 10 sives the distance to Venus obtained from the delay of the

a period of 255 milliseconds. This gives the value

signal envelope in varicuc filters with a 60 ¢.p.s. band, “With the help.of
vajection filters the part of the spectrum at the input of the analyzer
comprising the rarrow componeat was eliminated, In this figure the differen-
ce in distances to Venus from the signal in the given filter, and from the
».gnal in the narrow spectrum (it sihoula give the distance to the point
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closest to Earth) is plotted along the abscissa, and the filters' fre-

quencies are plotted along the ordinate.
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